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1
STORAGE MEDIUM HAVING STORED
THEREIN INFORMATION PROCESSING
PROGRAM, INFORMATION PROCESSING
APPARATUS, INFORMATION PROCESSING
SYSTEM, AND METHOD OF CALCULATING
DESIGNATED POSITION

CROSS REFERENCE TO RELATED
APPLICATION

The disclosure of Japanese Patent Application No. 2013-
130460, filed on Jun. 21, 2013, is incorporated herein by
reference.

FIELD

The technique shown here relates to an storage medium
having stored thereon an information processing program, an
information processing system, an information processing
apparatus, and a method of calculating a designated position,
which are used to calculate a designated position based on an
input provided to an input member (input device).

BACKGROUND AND SUMMARY

Conventionally, there has been an information processing
system in which an input is performed by an operation of
moving an input device. For example, in a conventional game
system, a camera is provided in a controller held by auser, and
an image of a marker arranged in the vicinity of a television is
captured by the camera. The game system calculates a two-
dimensional vector based on the image captured by the cam-
era, and moves an operation target displayed on the monitor
based on the two-dimensional vector.

In the method of capturing an image of a marker with a
camera, however, a user can move the input device only in a
range where the marker is included in the imaging range
(field-of-view range) of the camera, and thus the range where
the user can move the input device is limited.

Therefore, the present application discloses a storage
medium having stored thereon an information processing
program, an information processing system, an information
processing apparatus, and a method of calculating a desig-
nated position, which can improve the operability of an input
operation of moving an input member.

(1)

An example of a storage medium according to the present
specification is a non-transitory computer-readable storage
medium having stored therein an information processing pro-
gram to be executed by a computer of an information pro-
cessing apparatus for calculating a designated position based
on an input provided to an input member. The information
processing program causes the computer to execute: calcu-
lating a first position; calculating a second position; making a
determination; and calculating a designated position.

The computer calculates a first position using imaging
information based on an image captured by an imaging device
that is provided in the input member or captures the input
member, the first position being a position on a predetermined
plane and changing in accordance at least with an attitude of
the input member.

The computer calculates a second position using a detec-
tion result of a sensor, the detection result enabling a calcu-
lation of the attitude of the input member, the second position
being a position on the plane and according to the attitude of
the input member.
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The computer repeatedly determines whether or not a pre-
determined condition is satisfied, the predetermined condi-
tion including a condition regarding a relationship between
the first position and the second position.

The computer calculates a designated position on the plane
using the first position and/or the second position.

Further, the computer, in a satisfaction period after the
predetermined condition has been satisfied, calculates the
designated position by making an influence of the second
position relatively great as compared to an unsatisfaction
period before the predetermined condition is satisfied.

The above “input member” may be an input device sepa-
rated from the information processing apparatus, or may be
integrated with the information processing apparatus.

Based on the above configuration (1), the designated posi-
tion is calculated using the first position calculated from the
imaging information, together with the second position cal-
culated from the detection result of the sensor. Thus, for
example, the designated position is calculated using the sec-
ond position even when the first position is not calculated
from the imaging information. Thus, a user can perform an
input operation using the input member even when the input
member is in an attitude that does not enable the calculation of
the first position. This enables the user to perform an input
operation by moving the input member more freely, and
therefore makes it possible to improve the operability of the
input operation of moving the input member.

In addition, based on the above configuration (1), in the
unsatisfaction period, the designated position is calculated by
making the influence of the first position relatively great. That
is, at an early stage where the calculation of the designated
position has been started, the influence of the first position
may be made relatively great, whereby it is possible to
improve the accuracy of the designated position.

)

The predetermined condition may include a condition
regarding a distance between the first position and the second
position.

Based on the above configuration (2), the use of the above
distance makes it possible to easily determine whether or not,
as a value according to the attitude of the input member, the
second position has been calculated with as high accuracy as
the first position. This makes it possible to easily determine
the switching from the unsatisfaction period to the satisfac-
tion period.

3)

The condition regarding the distance may be a condition
that the distance between the first position and the second
position becomes equal to or smaller than a predetermined
value.

Based on the above configuration (3), the switching from
the unsatisfaction period to the satisfaction period is per-
formed at timing when the difference between the first posi-
tion and the second position is small. The switching may be
performed at such timing, whereby it is possible to reduce the
possibility that the designated position based on these posi-
tions rapidly changes before and after the switching. This
reduces the possibility of giving the user discomfort when the
switching is performed. This makes it possible to improve the
operability of the input operation.

“4)

The computer may repeatedly determine whether or not a
sub-condition regarding the relationship between the first
position and the second position is satisfied. In this case, when
the sub-condition is satisfied predetermined multiple times,
the computer may determine that the predetermined condi-
tion is satisfied.
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Based on the above configuration (4), even when the sub-
condition has been accidentally satisfied only once, it is pos-
sible to prevent the switching from the unsatisfaction period
to the satisfaction period. This makes it possible to improve
the accuracy of the timing of the switching, and therefore
possible to improve the operability of the input member.

)

The computer may repeatedly determine whether or not a
sub-condition regarding the relationship between the first
position and the second position is satisfied. In this case, when
the sub-condition has been satisfied a predetermined number
of times in succession, the computer may determine that the
predetermined condition is satisfied.

Based on the above configuration (5), when the sub-con-
dition has been satisfied a predetermined number of times in
succession, the switching from the unsatisfaction period to
the satisfaction period is performed. This makes it possible to
further reduce the possibility that the designated position is
calculated using the second position having low accuracy, and
therefore possible to calculate the designated position with
higher accuracy.

(6)

The predetermined condition may include a condition
regarding a reliability of the detection result of the sensor.

Based on the above configuration (6), when the second
position calculated from the detection result of the sensor has
high accuracy, it is possible to calculate the designated posi-
tion by increasing the degree of influence of the second posi-
tion. This makes it possible to improve the accuracy of the
calculation of the designated position, and therefore possible
to improve the accuracy of the input operation.

(7

The condition regarding the reliability may be a condition
that a motion of the input member is gentler than a predeter-
mined reference.

Based on the above configuration (7), the use of the inten-
sity of the motion of the input member makes it possible to
determine the reliability with high accuracy.

@®)

Inthe unsatisfaction period, the designated position may be
calculated using the first position, and in the satisfaction
period, the designated position may be calculated using the
second position.

Based on the above configuration (8), in an early period in
which the second position has low accuracy based on a guess,
the designated position is calculated using the first position,
which has relatively high accuracy based on a guess. Thus, it
is possible to enable the input operation with high accuracy,
and therefore possible to improve the operability of the input
operation.

©)

Inthe unsatisfaction period, the designated position may be
calculated using the first position and without using the sec-
ond position, and in the satisfaction period, the designated
position may be calculated using the first position and the
second position.

Based on the above configuration (9), in an early period in
which the second position may have low accuracy, the use of
only the first position makes it possible to calculate the des-
ignated position with high accuracy. In the satisfaction
period, the use of two types of positions makes it possible to
calculate the designated position with high accuracy.

(10)

The second position may be calculated based on the detec-
tion result of the sensor, and the calculated second position
may be corrected by bringing the calculated second position
close to the first position. In this case, it may be determined,
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using the corrected second position, whether or not the pre-
determined condition is satisfied. The designated position
may be calculated using the corrected second position.

Based on the above configuration (10), it is possible to
reduce the increase in the difference between the first position
and the second position. Thus, it is possible to reduce the
possibility that the designated position calculated based on
these positions rapidly changes before and after the switching
from the unsatisfaction period the satisfaction period. This
reduces the possibility of giving the user discomfort when the
switching is performed. This makes it possible to improve the
operability of the input operation.

Further, when the above configuration (10) is combined
with the above configuration (2) or (3), it is possible to make
it likely that the first position and the second position come
close to each other. This makes it likely that the timing at
which the switching to the satisfaction period is performed is
early. This enables the user to start earlier the input operation
that allows the user to move the input member freely, and
makes it possible to improve the operability of the input
operation.

amn

The first position and the second position before being
corrected may be repeatedly calculated. In this case, every
time the first position and the second position before being
corrected are calculated, an amount of correction may be
calculated in accordance with a difference between the first
position and the second position before being corrected, and
the second position before being corrected may be corrected
by bringing the second position before being corrected close
to the first position by the amount of correction.

Based on the above configuration (11), the use of the
amount of correction based on the above difference makes it
possible to easily make a correction to bring the second posi-
tion before being corrected close to the first position.

(12)

If the second position is calculated when the first position
is not calculated, the second position that has been currently
calculated may be corrected using the amount of correction
that has been calculated last.

Based on the above configuration (12), even when the first
position is not calculated, the second position is corrected.
Based on this, the second position is corrected regardless of
whether or not the first position can be calculated. This makes
it possible to prevent the second position from changing in
accordance with whether or not the first position can be cal-
culated. This makes it possible to reduce the possibility of
giving the user discomfort, and therefore possible to improve
the operability of the input operation.

(13)

The first position may be calculated using the imaging
information obtained at predetermined timing. In this case,
the second position may be calculated using the detection
result ofthe sensor obtained at the same timing as the imaging
information.

Based on the above configuration (13), it is possible to
calculate two types of positions (the first position and the
second position) based on the attitude of the input member so
as to correspond to the attitude of the input member at sub-
stantially the same point in time. This makes it possible to
calculate the designated position with high accuracy.

(14

When the imaging device can capture a predetermined
imaging target, the first position may be calculated based on
a position of the imaging target in an image captured by the
imaging device. In this case, the second position may be
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calculated based on the detection result of the sensor when the
input member is in any attitude.

Based on the above configuration (14), the use of the imag-
ing information makes it possible to calculate the designated
position with high accuracy, and the use of the detection result
of the sensor makes it possible to enable the input operation
even when the first position is not calculated using the imag-
ing information.

It is noted that the present specification discloses an infor-
mation processing apparatus and an information processing
system that execute processing equivalent to that achieved by
executing the information processing program according to
the above configurations (1) to (14). Further, the present
specification discloses a method of calculating a designated
position, the method performed in the above configurations
(D to (14).

In addition, an example of an information processing appa-
ratus according to the present specification calculates a des-
ignated position on a predetermined plane based on an input
provided to an input member. The information processing
apparatus includes a first position calculation section, a sec-
ond position calculation section, a determination section, and
a designated position calculation section. The first position
calculation section calculates a first position using imaging
information based on an image captured by a camera that is
provided in the input member or a camera that captures the
input member, the first position being a position on the plane
and changing in accordance at least with an attitude of the
input member. The second position calculation section cal-
culates a second position using a detection result of at least
one of a gyro sensor, an acceleration sensor, and a magnetic
sensor, the second position being a position on the plane on
which the first position is calculated and according to the
attitude of the input member. The determination section
repeatedly determines whether or not a predetermined con-
dition is satisfied, the predetermined condition including a
condition that a distance between the first position and the
second position is equal to or smaller than a predetermined
distance continuously for a predetermined period. The desig-
nated position calculation section, when the predetermined
condition is not satisfied, calculates a designated position on
the plane using the first position and without using the second
position, and after the predetermined condition has been sat-
isfied, calculates the designated position on the plane using
the second position.

Based on the storage medium having stored therein the
information processing program, the information processing
apparatus, the information processing system, and the
method of calculating a designated position, it is possible to
improve the operability of an input operation of moving an
input member, by appropriately using a first position based on
imaging information and a second position based on a detec-
tion result of a sensor.

These and other objects, features, aspects and advantages
of the exemplary embodiments will become more apparent
from the following detailed description of the exemplary
embodiments when taken in conjunction with the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing a non-limiting example
of an information processing system according to an exem-
plary embodiment;

FIG. 2 is a diagram showing a non-limiting example of the
arrangement of a television 4 and a marker device 5 in a case
where an input device 2 is used;
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FIG. 3 is a diagram showing non-limiting examples of
camera coordinates and sensor coordinates on a plane;

FIG. 4 is a diagram showing a non-limiting example of a
method of calculating a designated position;

FIG. 5 is a diagram showing a non-limiting example of a
method of calculating the sensor coordinates in a case where
the camera coordinates are calculated at a certain time t;

FIG. 6 is a diagram showing a non-limiting example of a
method of calculating the sensor coordinates when the cam-
era coordinates are not calculated at the certain time t;

FIG. 7 is a diagram showing non-limiting examples of the
camera coordinates and the sensor coordinates in a case
where a relationship condition is satisfied and a case where
the relationship condition is not satisfied;

FIG. 8 is a diagram showing non-limiting examples of the
behavior of the sensor coordinates in a case where a reliability
condition is satisfied and a case where the reliability condi-
tion is not satisfied; and

FIG. 9is aflowchart showing a non-limiting example of the
flow of a designated position calculation process performed
by an information processing apparatus 3 (a CPU 14) in the
exemplary embodiment.

DETAILED DESCRIPTION OF NON-LIMITING
EXAMPLE EMBODIMENTS

[1. Configuration of Information Processing System|

Hereinafter, a storage medium having stored therein an
information processing program, an information processing
system, an information processing apparatus, and a method of
calculating a designated position according to an example of
an embodiment will be described. FIG. 1 is a block diagram
showing an example of the information processing system
according to an exemplary embodiment. In FIG. 1, the infor-
mation processing system 1 includes an input device 2, an
information processing apparatus 3, a television 4, and a
marker device 5. The information processing system 1
according to the exemplary embodiment performs informa-
tion processing in accordance with an operation of changing
the attitude of the input device 2.

The information processing system 1 includes the input
device (controller) 2, which is an example of an input member
for a user to provide an input while holding it. In the exem-
plary embodiment, the input device 2 includes a camera 11, a
gyro sensor 12, and a button 13.

The camera 11 is an example of imaging means (an imag-
ing device). In the exemplary embodiment, the camera 11 is
capable of capturing the marker device 5 described later (ca-
pable of detecting infrared light emitted from the marker
device 5). Although details will be described later, when an
image ofthe marker device 5 is captured by the camera 11, the
position and/or the attitude of the input device 2 with respect
to the marker device 5 can be estimated by using a result of the
image-capturing.

The gyro sensor 12 detects angular velocities of the input
device 2. In the exemplary embodiment, the gyro sensor 12
detects angular velocities around predetermined three axes.
However, in another embodiment, the gyro sensor may detect
an angular velocity around one axis or angular velocities
around two axes. The input device 2 may optionally include a
sensor (attitude sensor) whose detection result enables the
calculation (estimation) of the attitude of the input device 2.
For example, the input device 2 may include, in addition to (or
instead of) the gyro sensor 12, an acceleration sensor and/or a
magnetic sensor.

The button 13 is an example of an operation unit, which is
operated by the user. In another exemplary embodiment, the
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input device 2 may include, in addition to (or instead of) the
button 13, a stick that allows the input of a direction, a touch
panel, a touch pad, and the like.

The input device 2 detects an operation performed by the
user, and transmits operation data representing the user’s
operation to the information processing apparatus 3. In the
exemplary embodiment, the operation data includes: imaging
information obtained from the image captured by the camera
11; angular velocity information obtained by the gyro sensor
12; and depression information relating to the button 13. The
imaging information is information relating to a captured
image. In the exemplary embodiment, the imaging informa-
tion is information indicating the position of the marker
device 5 on the plane of the captured image. When the marker
device 5 is not included in the captured image, the imaging
information indicates that the marker device 5 is not included
in the captured image. In the exemplary embodiment, the
imaging information is generated from the captured image by
aprocessing section included in the input device 2. In another
embodiment, data of the captured image itself may be
included in the operation data as the imaging information.
The angular velocity information indicates the angular
velocities detected by the gyro sensor 12. The depression
information indicates whether or not the button 13 is pressed.

The information processing system 1 includes the infor-
mation processing apparatus 3. The information processing
apparatus 3 performs information processing (a designated
position calculation process described later) to be performed
in the information processing system 1. The information pro-
cessing apparatus 3 may be an information processing appa-
ratus in any form such as a personal computer, a game appa-
ratus, a handheld terminal, a smart phone, or the like. The
information processing apparatus 3 is able to communicate
with the input device 2 and the television 4. It is noted that the
communication between the information processing appara-
tus 3 and the input device 2 or the television 4 may be per-
formed via a wire or wirelessly.

As shown in FIG. 1, the information processing apparatus
3 includes a CPU 14, a memory 15, and a program storage
section 16. The CPU 14 performs the above-mentioned infor-
mation processing by executing a predetermined information
processing program by using the memory 15. Although
details will be described later, the information processing in
the exemplary embodiment is a designated position calcula-
tion process for calculating a designated position based on the
operation data. It is noted that the designated position is a
position on a screen of the television 4 operated by the user.
The information processing apparatus 3 may be of any struc-
ture that can execute the information processing. For
example, a part or all of the information processing may be
executed by a dedicated circuit. In the exemplary embodi-
ment, the information processing apparatus 3 generates an
image by performing the information processing, and the
generated image is output from the information processing
apparatus 3 to the television 4.

The program storage section 16 stores therein the informa-
tion processing program. The program storage section 16 is
any storage device to which the CPU 14 is accessible. The
program storage section 16 may be a storage section included
in the information processing apparatus 3, such as a hard disk,
or may be a storage section attachable to and detachable from
the information processing apparatus 3, such as an optical
disk.

The television 4 is an example of a display device for
displaying an image. When an image is transmitted from the
information processing apparatus 3 to the television 4, the
television 4 displays this image.
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The marker device 5 functions as an imaging target for the
camera 11. For example, the marker device 5 is installed on
the periphery ofthe television 4 (see FIG. 2). In the exemplary
embodiment, the marker device 5 includes one or more light
emitting elements (e.g., LEDs) each emitting infrared light.
In the exemplary embodiment, the marker device 5 is con-
nected to the information processing apparatus 3, and light
emission of each light emitting element is controlled by the
information processing apparatus 3.

In the information processing system 1, the information
processing apparatus 3 performs the information processing
in accordance with an input performed on the input device 2,
and an image obtained as a result of the information process-
ing is displayed on the television 4. As described above, in the
exemplary embodiment, the information processing system 1
is configured such that an input function, an information
processing function, and a display function are realized by a
plurality of apparatuses. In another embodiment, a plurality
of functions among these functions may be realized by a
single information processing apparatus. For example, the
information processing system 1 may include a single infor-
mation processing apparatus (e.g., a handheld information
processing terminal or the like) having an input function and
an information processing function, instead of the input
device 2 and the information processing apparatus 3, respec-
tively.

Further, in another embodiment, the function of the infor-
mation processing apparatus 3 may be realized by a plurality
of apparatuses. For example, in another embodiment, at least
a part of the information processing performed by the infor-
mation processing apparatus 3 may be distributed to and
performed by a plurality of apparatuses that are able to per-
form communication via a network (a wide-area network
and/or a local network).

[2. Designated Position Calculation Process in Information
Processing System 1]

Next, the designated position calculation process per-
formed in the information processing system 1 will be
described. It is noted that the designated position calculation
process is described below taking as an example a case where
a cursor (pointer) is displayed at the designated position on
the screen of the television 4, and the user performs an opera-
tion of moving the cursor using the input device 2.

(2-1: Outline of Operation Using Input Device)

FIG. 2 is adiagram showing an example of the arrangement
of'the television 4 and the marker device 5 in a case where the
input device 2 is used. As shown in FIG. 2, in the exemplary
embodiment, the user installs the marker device 5 on the
periphery of the television 4 (in FIG. 2, on the television 4),
and uses the input device 2 with the imaging direction of the
camera 11 basically facing the television 4 (the marker device
5). The user in this state changes the attitude of the input
device 2 to perform various operations. However, the input
device 2 does not always need to be used in the state where it
faces the television 4, and may be used in the state where it
faces a direction off the television 4 (see “2-3: Calculation of
designated position” described later).

As shown in FIG. 2, in the exemplary embodiment, the user
can perform an operation of moving a cursor 21 using the
input device 2. Although details will be described later, the
designated position is calculated based on the attitude of the
input device 2, and the cursor 21 is displayed at the calculated
designated position. That is, the cursor 21 is displayed at a
position according to the attitude of the input device 2.

(2-2: Camera Coordinates and Sensor Coordinates)

Next, a description will be given of coordinate values
(camera coordinates and sensor coordinates) which are cal-
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culated from the operation data of the input device 2, and used
to calculate the designated position. In the exemplary
embodiment, the information processing system 1 calculates,
from the operation data, coordinate values in accordance with
the attitude of the input device 2, and calculates the desig-
nated position based on the calculated coordinate values. Itis
noted that each coordinate value indicates a position on a
virtual plane corresponding to the screen of the television 4
(see FIG. 3). That is, the information processing system 1
calculates a position according to the attitude of the input
device 2 on the plane.

The information processing system 1 calculates the coor-
dinate values according to the attitude of the input device 2,
based on the output information (the above-mentioned imag-
ing information) from the camera 11 and on the output infor-
mation (the above-mentioned angular velocity information)
from the gyro sensor 12. Hereinafter, the coordinates calcu-
lated based on the imaging information obtained from the
camera 11 are referred to as “camera coordinates”, and the
coordinates calculated based on the angular velocity infor-
mation obtained from the gyro sensor 12 are referred to as
“sensor coordinates”.

The camera coordinates are calculated based on the imag-
ing information. As described above, the imaging informa-
tion is information indicating the position of the marker
device 5 on the plane of the captured image. Since the position
indicated by the imaging information changes by changing
the attitude of the input device 2, it is possible to calculate the
camera coordinates according to the attitude of the input
device 2, based on the imaging information. It is noted that in
the present specification, “a value (coordinates) according to
the attitude” means a value (coordinates) that changes in
accordance at least with the attitude of the input device 2, but
does notneed to be avalue corresponding to the attitude of the
input device 2 on a one-to-one basis. Although the method of
calculating the camera coordinates from the imaging infor-
mation is any method, the camera coordinates can be calcu-
lated by a method disclosed in Japanese Laid-Open Patent
Publication No. 2007-61489, for example.

The sensor coordinates are calculated based on the angular
velocity information. Since the angular velocity information
indicates the angular velocity of the input device 2, it is
possible to calculate the sensor coordinates according to the
attitude of the input device 2, based on the angular velocity
information. The method of calculating the sensor coordi-
nates from the angular velocity information is any method. In
the exemplary embodiment, to calculate the attitude of the
input device 2 with high accuracy, the information processing
system 1 calculates the attitude of the input device 2 using the
imaging information and the detection result of an accelera-
tion sensor (not shown) in addition to the angular velocity
information. Details of the method of calculating the sensor
coordinates are described below.

In the exemplary embodiment, first, the information pro-
cessing system 1 calculates the attitude of the input device 2
based on the angular velocity information. It is possible to
calculate this attitude (the attitude based on the angular veloc-
ity information) by calculating from the angular velocity
information the angle of rotation (tilt) of the input device 2
from a reference attitude set by a predetermined method.

Next, the information processing system 1 corrects the
attitude based on the angular velocity using the detection
result of the acceleration sensor. Specifically, the information
processing system 1 calculates from the detection result of the
acceleration sensor the tilt (the tilt in the pitch direction) of the
input device 2 with respect to the direction of gravity, and
corrects the attitude based on the angular velocity informa-

25

40

45

10

tion using the calculated tilt. In the exemplary embodiment,
this correction is made by bringing the attitude based on the
angular velocity close to the attitude corresponding to the tilt
calculated from the detection result of the acceleration sensor.

Next, the information processing system 1 corrects the
attitude based on the angular velocity (the attitude corrected
using the detection result of the acceleration sensor in the
exemplary embodiment) using the imaging information. Spe-
cifically, the information processing system 1 calculates from
the imaging information the tilt (the tilt in the yaw direction)
of the input device 2 with respect to the horizontal direction,
and corrects the attitude based on the angular velocity infor-
mation using the calculated tilt. In the exemplary embodi-
ment, this correction is made by bringing the attitude based on
the angular velocity close to the attitude corresponding to the
tilt calculated from the imaging information.

It is noted that either of the correction process using the
detection result of the acceleration sensor and the correction
process using the imaging information may be performed
first. Alternatively, in another exemplary embodiment, only
either of the correction process using the detection result of
the acceleration sensor and the correction process using the
imaging information may be performed. Yet alternatively, in
another exemplary embodiment, the correction processes
may not be performed.

The information processing system 1 calculates the sensor
coordinates based on the attitude corrected as described
above. In the exemplary embodiment, the information pro-
cessing system 1 calculates the angles of rotation of the input
device 2 in the yaw direction and the pitch direction from the
attitude at the origin, and multiplies the calculated angles of
rotation by a predetermined constant, thereby calculating the
sensor coordinates. It is noted that the attitude at the origin is
the attitude of the input device 2 when the sensor coordinates
correspond to the position of the origin on the xy plane.

It is noted that the information processing system 1 per-
forms, as the process of calculating the attitude of the input
device 2, the process of calculating the attitude based on the
angular velocity information, the correction process using the
detection result of the acceleration sensor, and the correction
process using the imaging information. Then, the information
processing system 1 repeatedly performs this attitude calcu-
lation process. Further, the information processing system 1
calculates the sensor coordinates every time the attitude of the
input device 2 is calculated by the attitude calculation pro-
cess.

Here, the attitude based on the angular velocity informa-
tion is calculated without considering the positional relation-
ship with the marker device 5. Further, in the above correction
processes, corrections are gradually made in order, for
example, to reduce the discomfort to be given to the user due
to a rapid change in the attitude of the input device 2. Thus, at
an early stage where the calculation of the sensor coordinates
has been started, the sensor coordinates based on the attitude
of the input device 2 may have values significantly different
from those of the camera coordinates, and may have low
accuracy (inthe sense of being significantly different from the
camera coordinates). In response, in the exemplary embodi-
ment, the attitude calculation process is repeatedly per-
formed, whereby the correction processes are repeatedly per-
formed. Thus, the calculations of the attitude of the input
device 2 and the sensor coordinates gradually become more
accurate. In the exemplary embodiment, the sensor coordi-
nates may thus have low accuracy at first, but the calculation
of'the sensor coordinates gradually becomes more accurate.

It is noted that although details will be described later, in
the exemplary embodiment, the information processing sys-
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tem 1 corrects the sensor coordinates calculated as described
above, using the camera coordinates, thereby calculating the
ultimate sensor coordinates (that is, the sensor coordinates to
be used to calculate the designated position). It is noted thatin
another exemplary embodiment, the correction process using
the camera coordinates may not need to be performed.

In addition, in the exemplary embodiment, camera coordi-
nates Pc and sensor coordinates Ps are calculated at the same
timing. That is, the information processing system 1 obtains
the operation data from the input device 2 once every prede-
termined time, and calculates the camera coordinates Pc and
the sensor coordinates Ps using the obtained operation data.
That is, the camera coordinates Pc are calculated based on the
imaging information included in the operation data, and the
sensor coordinates Ps are calculated based on the angular
velocity information included in the same operation data. The
camera coordinates Pc and the sensor coordinates Ps are
calculated using information included in the same operation
data, and therefore, the camera coordinates Pc and the sensor
coordinates Ps are values according to the attitude of the input
device 2 at substantially the same point in time.

As described above, the information processing system 1
calculates the camera coordinates Pc using the imaging infor-
mation obtained at predetermined timing, and calculates the
sensor coordinates Ps using the detection result of the gyro
sensor 12 obtained at the same timing as that of the imaging
information. This makes it possible to calculate two types of
sets of coordinate values according to the attitude of the input
device 2 so0 as to correspond to the attitude of the input device
2 at substantially the same point in time. This makes it pos-
sible to calculate the designated position with high accuracy.

FIG. 3 is a diagram showing examples of the camera coor-
dinates and the sensor coordinates on a plane. As shown in
FIG. 3, in the exemplary embodiment, as a coordinate system
representing positions on the plane, an Xy coordinate system
is set. The xy coordinate system is set such that a position
corresponding to the center of the screen is the origin, an axis
corresponding to the horizontal direction of the screen is an
x-axis, and an axis corresponding to the vertical direction of
the screen is a y-axis. FIG. 3 shows the camera coordinates Pc
and the sensor coordinates Ps in a case where the input device
2 takes a certain attitude. The camera coordinates Pc and the
sensor coordinates Ps are calculated by different methods
using different sensors. Therefore, even with the same atti-
tude of the input device 2 (even if the camera coordinates Pc
and the sensor coordinates Ps are calculated based on infor-
mation obtained at the same timing), the camera coordinates
Pc and the sensor coordinates Ps can take different values as
shown in FIG. 3.

A dotted line area 22 shown in FIG. 3 is an area correspond-
ing to the screen of the television 4 on a plane. In FIG. 3, the
camera coordinates Pc and the sensor coordinates Ps each
indicate a position within the area 22, but may indicate a
position outside the area 22 (i.e., outside the screen). That is,
since the gyro sensor 12 is able to calculate the attitude of the
input device 2 regardless of the positional relationship
between the input device 2 and the television 4, the informa-
tion processing system 1 can calculate the sensor coordinates
indicating a position outside the screen. In addition, basically,
the camera coordinates can be calculated when the camera
coordinates are within the area 22 (i.e., when the camera 11
faces the television 4). However, camera coordinates indicat-
ing a position outside the area 22 can be calculated as long as
the marker device 5 is included in the imaging range of the
camera 11.
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(2-3: Calculation of Designated Position)

Next, the method of calculating the designated position
based on the camera coordinates and the sensor coordinates is
described. In the exemplary embodiment, at the start of the
designated position calculation process, the designated posi-
tion is calculated using the camera coordinates. Then, in
accordance with the satisfaction of a predetermined determi-
nation condition (described later), the coordinates to be used
to calculate the designated position are switched from the
camera coordinates to the sensor coordinates. Details of the
calculation of the designated position are described below.

FIG. 4 is a diagram showing an example of the method of
calculating the designated position. As shown in (a) of FIG. 4,
in the period from the start of the process of calculating the
designated position to the satisfaction of a determination
condition (hereinafter referred to as an ‘“unsatisfaction
period”), the information processing system 1 calculates the
designated position based on the camera coordinates Pc.
Although a specific method of calculating the designated
position is any method, in the exemplary embodiment, the
position of the camera coordinates Pc is used as it is as the
designated position.

It is noted that during the process of calculating the desig-
nated position, the information processing system 1 calcu-
lates both the camera coordinates Pc and the sensor coordi-
nates Ps. Thatis, the sensor coordinates Ps are calculated even
in the unsatisfaction period. Further, the camera coordinates
Pc are calculated even in a satisfaction period described later.

Having calculated the camera coordinates Pc and the sen-
sor coordinates Ps, the information processing system 1
determines whether or not a predetermined determination
condition is satisfied. The determination condition is a con-
dition regarding the relationship between the camera coordi-
nates Pc and the sensor coordinates Ps. Although the deter-
mination condition according to the exemplary embodiment
will be described later, the determination condition includes
the condition that “the camera coordinates Pc and the sensor
coordinates Ps are within a predetermined distance from each
other™. It is noted that the information processing system 1
repeatedly makes the above determination every time the
camera coordinates Pc and the sensor coordinates Ps are
calculated.

When the determination condition is satisfied, the informa-
tion processing system 1 switches the coordinates to be used
to calculate the designated position from the camera coordi-
nates Pc to the sensor coordinates Ps. Thus, in the exemplary
embodiment, as shown in (b) of FIG. 4, the camera coordi-
nates Pc are switched to the sensor coordinates Ps (at least)
under the condition that the distance between the camera
coordinates Pc and the sensor coordinates Ps has become
equal to or smaller than the predetermined distance.

Inthe exemplary embodiment, as shown in (¢) of FIG. 4, in
the period after the satisfaction of the determination condition
(hereinafter referred to as a “satisfaction period”), the infor-
mation processing system 1 calculates the designated posi-
tion based on the sensor coordinates Ps. Although a specific
method of calculating the designated position is any method,
in the exemplary embodiment, the position of the sensor
coordinates Ps is used as it is as the designated position. It is
noted that in the exemplary embodiment, the satisfaction
period does not return to the unsatisfaction period after the
unsatisfaction period has switched to the satisfaction period.
In another exemplary embodiment, however, when a prede-
termined condition has been satisfied (for example, an opera-
tion using a cursor has been ended), the satisfaction period
may return to the unsatisfaction period.
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As described above, in the exemplary embodiment, the
designated position is calculated using the sensor coordinates
Ps (in the satisfaction period). Thus, the user can perform an
input operation by moving the input device 2 by an amount
larger than that in a case where the designated position is
calculated using only the camera coordinates Pc. That is, in
the exemplary embodiment, it is possible to perform an input
operation by moving the input device 2 more freely, and
therefore possible to improve the operability of the input
operation of moving the input device 2.

Here, in the exemplary embodiment, as described above,
the sensor coordinates Ps gradually become more accurate,
but may have low accuracy at first. Further, not only in the
method of calculating the sensor coordinates Ps in the exem-
plary embodiment, but also in a method of calculating a value
(for example, the sensor coordinates) according to the attitude
of'the input device 2 using a sensor, such as a gyro sensor, an
acceleration sensor, or a magnetic sensor, whose detected
value enables the calculation of the attitude of the input device
2, it may be difficult to calculate the value with high accuracy
in an early period in which the calculation of the value has
been started. For example, in the case of using a gyro sensor,
to calculate the value with high accuracy, an error due to a
temperature drift that occurs in the gyro sensor is corrected.
However, it may take time to obtain an appropriate amount of
correction. Alternatively, to calculate the value with high
accuracy, (as in the exemplary embodiment) a method may be
employed of calculating the value, taking into account not
only the latest detected value but also a detected value in the
past. In this method, in the early period in which the calcula-
tion of the value has been started, the calculation result may
not stabilize because, for example, a sufficient detected value
cannot be obtained. Thus, it may be difficult to calculate the
value according to the sensor with high accuracy. As
described above, in the early period in which the calculation
of the sensor coordinates Ps has been started, it may be
difficult to calculate the sensor coordinates Ps with high accu-
racy.

Thus, in the exemplary embodiment, as described above,
the information processing system 1 calculates the designated
position using the camera coordinates Pc instead of the sensor
coordinates Ps in the early period in which the calculation of
the sensor coordinates Ps has been started (the unsatisfaction
period). That is, in the unsatisfaction period, the designated
position is calculated using the position of the camera coor-
dinates Pc, and in the satisfaction period, the designated posi-
tion is calculated using the position of the sensor coordinates
Ps. Based on this, in the early period in which the sensor
coordinates Ps may have low accuracy, the designated posi-
tion is calculated using the camera coordinates Pc, which are
considered to have relatively high accuracy. Thus, in the
exemplary embodiment, the user can perform an input opera-
tion by moving the input device 2 freely, and it is also possible
to enable the input operation with high accuracy.

More specifically, in the exemplary embodiment, in the
unsatisfaction period, the designated position is calculated
using the camera coordinates Pc and without using the sensor
coordinates Ps. In the satisfaction period, the designated posi-
tion is calculated using the camera coordinates Pc and the
sensor coordinates Ps. This makes it possible to calculate the
designated position with high accuracy using only the camera
coordinates Pc in the early period in which the sensor coor-
dinates Ps may have low accuracy, and also possible to cal-
culate the designated position with high accuracy using two
types of sets of coordinates in the satisfaction period.

In addition, in the exemplary embodiment, when the cam-
era 11 can capture a predetermined imaging target (the
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marker device 5), the camera coordinates Pc are calculated
based on the position of the imaging target in the image
captured by the camera 11. On the other hand, the sensor
coordinates Ps are calculated based on the detection result of
the gyro sensor 12 when the input device 2 is in any attitude.
Here, in the method of calculating coordinates (the camera
coordinates Pc) by capturing the predetermined imaging tar-
get using the camera 11, the coordinates are detected with
high accuracy, whereas the range where the coordinates can
be calculated is limited. Further, in the method of calculating
coordinates (the sensor coordinates Ps) using a sensor (the
gyro sensor 12), it may be difficult to detect the coordinates
with high accuracy, whereas it is possible to calculate the
coordinates when the input device 2 is in any attitude. That is,
in the exemplary embodiment, coordinates are calculated by
two types of methods having different advantages, and the
designated position is calculated using two types of sets of
coordinates. This makes it possible to calculate the desig-
nated position with high accuracy, and also enables the user to
perform an input operation by moving the input device 2
freely. That is, it is possible to calculate the designated posi-
tion with high accuracy using the camera 11, and also pos-
sible to enable an input operation using the gyro sensor 12
even when the camera coordinates Pc are not calculated using
the camera 11.

It is noted that in the exemplary embodiment, the marker
device 5 installed in advance is used as the predetermined
imaging target. Thus, in the method of calculating the camera
coordinates Pc using the camera 11, the range where the
camera coordinates Pc can be calculated is limited. Here, in
another exemplary embodiment, the information processing
system 1 may calculate the camera coordinates using any
target included in the image captured by the camera 11. For
example, the information processing system 1 may identify
an object included in the captured image by an image recog-
nition process, and may calculate the camera coordinates Pc
based on the position (in the captured image) of the identified
object. This method makes it possible to calculate the camera
coordinates Pc when the input device 2 is in any attitude.
However, even if this method is employed, it may not be
possible to identify the target because, for example, a recog-
nition process fails, and therefore, it may not be possible to
calculate the camera coordinates. Thus, even if this method is
employed, similarly to the above exemplary embodiment, the
method of calculating the designated position using the cam-
era coordinates and the sensor coordinates is effective.

(2-4: Method of Calculating Sensor Coordinates)

Next, with reference to FIGS. 5 and 6, the method of
calculating the sensor coordinates Ps in the exemplary
embodiment is described. The information processing system
1 obtains the operation data from the input device 2 once
every predetermined time, and calculates the sensor coordi-
nates Ps every time the information processing system 1
obtains the operation data. In the exemplary embodiment, as
will be described later, the ultimate sensor coordinates Ps are
calculated by correcting the sensor coordinates before being
corrected. Details are described below.

FIG. 5 is a diagram showing an example of the method of
calculating the sensor coordinates in a case where the camera
coordinates are calculated at a certain time t. In the exemplary
embodiment, having obtained the operation data, the infor-
mation processing system 1 calculates camera coordinates Pc
(Pe(t) shown in FIG. 5) based on the imaging information
included in the operation data. Further, the information pro-
cessing system 1 calculates sensor coordinates Po (Po(t)
shown in FIG. 5) based on the angular velocity information
included in the operation data. The sensor coordinates Po are
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the sensor coordinates before being corrected using the cam-
era coordinates Pc. To distinguish the sensor coordinates Po
from the corrected sensor coordinates, the sensor coordinates
Po are hereinafter referred to as the “pre-correction sensor
coordinates Po”. In the exemplary embodiment, as described
above, the pre-correction sensor coordinates Po are calcu-
lated from the angular velocity information, the imaging
information, and the detection result of an acceleration sensor
(not shown).

When the camera coordinates Pc and the pre-correction
sensor coordinates Po have been calculated, the information
processing system 1 calculates an offset Vo (Vo(t) shown in
FIG. 5). The offset Vo is a vector indicating the amount of
correction (and the direction of correction on the plane) for
correcting the pre-correction sensor coordinates Po to obtain
the sensor coordinates Ps. Specifically, the offset Vo is calcu-
lated in accordance with the following equation (1).

Vo(O)={Pc(t)-Po(t)}-A+Vo(-1)-{1-4} €8]

In the above equation (1), a coefficient A is a constant
(0<A<1) determined in advance. The coefficient A indicates
the degree of influence of reflecting on the offset Vo(t) the
difference between the camera coordinates Pc(t) and the pre-
correction sensor coordinates Po(t) that have been currently
obtained. Further, a variable Vo(t-1) indicates an offset that
has been previously calculated (atatime t—1). As shown in the
above equation (1), the offset Vo is calculated based on the
difference between the camera coordinates Pc and the pre-
correction sensor coordinates Po.

When the offset Vo has been calculated, the information
processing system 1 corrects the pre-correction sensor coor-
dinates Po using the offset Vo, thereby calculating the sensor
coordinates Ps (see FIG. 5). Specifically, the sensor coordi-
nates Ps are calculated in accordance with the following
equation (2).

Ps(t)=Po(£)+To (1) @)

As is clear from FIG. 5 and the above equation (2), the sensor
coordinates Ps are obtained by moving the pre-correction
sensor coordinates Po (bringing the pre-correction sensor
coordinates Po close to the camera coordinates Pc) by the
offset Vo.

It is noted that it is understood from the above equation (1)
that the offset Vo is a vector directed from the pre-correction
sensor coordinates Po toward the camera coordinates Pc (see
FIG. 5). That is, it is understood from the above equations (1)
and (2) that the offset Vo makes a correction to bring the
pre-correction sensor coordinates Po close to the camera
coordinates Pc. It is noted that when the previous offset Vo(t—
1) is reflected on the current offset Vo(t) as in the exemplary
embodiment, if only a single correction is considered, the
offset Vo may make a correction to even distance the pre-
correction sensor coordinates Po from the camera coordinates
Pc. However, the repetition of a correction results in bringing
the sensor coordinates Ps close to the camera coordinates Pc.
That is, considering that a correction is repeated multiple
times, it can be said that the offset Vo according to the exem-
plary embodiment makes a correction to bring the pre-cor-
rection sensor coordinates Po close to the camera coordinates
Pc.

It is noted that in the exemplary embodiment, the previous
offset Vo(t-1) is reflected on the current offset Vo(t). Alterna-
tively, in another exemplary embodiment, the previous offset
Vo(t-1) may not be reflected. That is, in the above equation
(1), it may be set such that the coefficient A=1.

Here, in the exemplary embodiment, the determination
condition includes the condition that “the camera coordinates
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Pc and the sensor coordinates Ps are within a predetermined
distance from each other”. That is, the determination condi-
tion is not satisfied unless the camera coordinates Pc and the
sensor coordinates Ps come somewhat close to each other.
Thus, the process of calculating the designated position using
the sensor coordinates Ps is not started. Here, in the exem-
plary embodiment, the information processing system 1 cal-
culates the pre-correction sensor coordinates Po based on the
detection result of the sensor, and brings the calculated pre-
correction sensor coordinates Po close to the camera coordi-
nates Pc, thereby calculating the (ultimate) sensor coordi-
nates Ps. This makes it likely that the camera coordinates Pc
and the sensor coordinates Ps come close to each other. This
makes it likely that the process of calculating the designated
position using the sensor coordinates Ps is started. That is, the
user can start earlier the input operation that allows the user to
move the input device 2 freely.

In addition, in the exemplary embodiment, the camera
coordinates Pc and the pre-correction sensor coordinates Po
are repeatedly calculated, and the information processing
system 1 calculates the amount of correction (the offset Vo) in
accordance with the difference between the camera coordi-
nates Pc and the pre-correction sensor coordinates Po (the
above equation (1)) every time the camera coordinates Pc and
the pre-correction sensor coordinates Po are calculated. Then,
a correction is made to bring the pre-correction sensor coor-
dinates Po close to the camera coordinates Pc by the calcu-
lated amount of correction. As described above, the use of the
amount of correction according to the above difference makes
it possible to easily make a correction to bring the pre-cor-
rection sensor coordinates Po close to the camera coordinates
Pc.

Next, the method is described of calculating the sensor
coordinates Ps when the camera coordinates Pc are not cal-
culated. In the exemplary embodiment, the information pro-
cessing system 1 performs the process of calculating the
camera coordinates Pc every time the information processing
system 1 obtains the operation data. However, when the cam-
era 11 has not been able to capture the marker device 5 (when
the imaging information has been obtained that indicates that
the marker device 5 is not included), it is not possible to
calculate the camera coordinates Pc. In this case, the sensor
coordinates Ps are calculated as follows.

FIG. 6 is a diagram showing an example of the method of
calculating the sensor coordinates in a case where the camera
coordinates are not calculated at the certain time t. When the
camera coordinates Pc have not been calculated at the certain
time t, the information processing system 1 corrects the pre-
correction sensor coordinates Po using the latest one of the
offsets Vo calculated in the past. Specifically, when the cam-
era coordinates Pc have not been calculated, the offset Vo is
determined in accordance with the following equation (3)
instead of the above equation (1).

Vo(H)=Vo(t-1) 3)

As in the above equation (3), in the above case, the offset
Vo(t-1) that has been previously calculated is used as the
current offset Vo. Then, the information processing system 1
calculates the sensor coordinates Ps in accordance with the
above equation (2). That is, sensor coordinates Ps(t) are cal-
culated by moving the pre-correction sensor coordinates
Po(t) that have been currently calculated, by (the offset Vo(t)
equal to) the previous offset Vo(t-1) (see FIG. 6).

As described above, in the exemplary embodiment, when
the camera coordinates Pc cannot be calculated, the informa-
tion processing system 1 does not calculate the amount of
correction (an offset), and calculates the sensor coordinates



US 9,354,706 B2

17

Ps using the pre-correction sensor coordinates Po that have
been calculated last (the pre-correction sensor coordinates Po
that have been currently calculated) and the amount of cor-
rection that has been calculated last (the offset Vo that has
been calculated last). Thus, in the exemplary embodiment,
even when the camera coordinates Pc are not calculated, the
sensor coordinates are corrected. This makes it possible to,
even when the camera coordinates Pc are not calculated, bring
the sensor coordinates Ps close to the camera coordinates Pc.
Further, the sensor coordinates are corrected regardless of
whether or not the camera coordinates Pc can be calculated.
This makes it possible to prevent the values of the sensor
coordinates from changing in accordance with whether or not
the camera coordinates Pc can be calculated.

In addition, the information processing system 1 according
to the exemplary embodiment, when the camera coordinates
Pc have not been calculated in the satisfaction period, calcu-
lates the designated position using the sensor coordinates Ps,
and when the camera coordinates Pc have been calculated in
the satisfaction period, calculates the designated position
using the camera coordinates Pc together with the sensor
coordinates Ps. As described above, when the camera coor-
dinates Pc have been calculated, the use of the camera coor-
dinates Pc even in the satisfaction period makes it possible to
calculate the designated position with high accuracy.

(2-5: Determination Condition)

Next, the determination condition for determining the
switching from the unsatisfaction period to the satisfaction
period is described. In the exemplary embodiment, the deter-
mination condition includes a condition regarding the rela-
tionship between the camera coordinates Pc and the sensor
coordinates (Ps or Po) (hereinafter referred to as a “relation-
ship condition). Further, in the exemplary embodiment, the
determination condition also includes a condition regarding
the reliability of the detection result of the gyro sensor 12
(hereinafter referred to as a “reliability condition™), and a
condition regarding the calculation of the camera coordinates
(hereinafter referred to as a “camera condition”). Each con-
dition included in the determination condition is described
below.

(Relationship Condition)

FIG. 7 is a diagram showing examples of the camera coor-
dinates and the sensor coordinates in a case where the rela-
tionship condition is satisfied and a case where the relation-
ship condition is not satisfied. In the exemplary embodiment,
the relationship condition is the condition that the distance
between the camera coordinates Pc and the sensor coordi-
nates Ps becomes equal to or smaller than a predetermined
distance determined in advance. That is, the information pro-
cessing system 1 calculates the distance between the camera
coordinates Pc and the sensor coordinates Ps, and determines,
using the calculated distance, whether or not the relationship
condition is satisfied. Thus, as shown in FIG. 7, when the
distance between the camera coordinates Pc and the sensor
coordinates Ps is equal to or smaller than the predetermined
distance, the relationship condition is satisfied. When the
distance between the camera coordinates Pc and the sensor
coordinates Ps is greater than the predetermined distance, the
relationship condition is not satisfied.

As described above, the information processing system 1
may use as the determination condition at least the condition
that the distance between the camera coordinates Pc and the
sensor coordinates Ps becomes equal to or smaller than a
predetermined value. Based on this, the switching from the
unsatisfaction period to the satisfaction period is performed at
timing when the difference between the camera coordinates
Pc and the sensor coordinates Ps is small. The switching may
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be performed at such timing, whereby it is possible to reduce
the possibility that the designated position rapidly changes
before and after the switching. This reduces the possibility of
giving the user discomfort. This makes it possible to improve
the operability of an input operation. Further, it is possible to
switch from the unsatisfaction period to the satisfaction
period at appropriate timing, and therefore possible to appro-
priately calculate the designated position.

In addition, it can be said that the relationship condition
according to the exemplary embodiment is a condition
regarding the distance between the camera coordinates Pc and
the sensor coordinates Ps. As described above, when the
determination condition includes a condition regarding the
above distance, it is possible to determine from the distance
whether or not the sensor coordinates Ps have been calculated
with as high accuracy as the camera coordinates Pc. This
makes it possible to switch from the unsatisfaction period to
the satisfaction period at appropriate timing. It is noted that in
another exemplary embodiment, as a condition regarding the
distance between the camera coordinates Pc and the sensor
coordinates Ps, the condition that “the change in distance
during a predetermined period is within a certain range” may
be used. This also makes it possible to switch from the unsat-
isfaction period to the satisfaction period at appropriate tim-
ing.

In addition, the relationship condition may be not only a
condition regarding the above distance but also any condition
regarding the relationship between the camera coordinates Pc
and the sensor coordinates. For example, in another exem-
plary embodiment, the relationship condition may be a con-
dition regarding the movements (the manners of moving,
such as the moving directions and the amounts of movement)
of the camera coordinates Pc and the sensor coordinates Ps.
Specifically, the information processing system 1 may calcu-
late the degree of similarity between the behavior (movement
trajectory) of the camera coordinates Pc during a predeter-
mined period and the behavior (movement trajectory) of the
sensor coordinates Ps during the predetermined period, and
may determine whether or not the degree of similarity is equal
to or greater than a predetermined value. In this case, when the
degree of similarity is equal to or greater than the predeter-
mined value, it may be determined that the relationship con-
dition is satisfied. When the degree of similarity is less than
the predetermined value, it may be determined that the rela-
tionship condition is not satisfied.

As described above, it can be said that the relationship
condition is a condition for determining whether or not the
sensor coordinates Ps have been calculated with as high accu-
racy as the camera coordinates Pc. The switching from the
unsatisfaction period to the satisfaction period is determined
using such a relationship condition, whereby the sensor coor-
dinates Ps are calculated with high accuracy. Thereafter, the
switching from the unsatisfaction period to the satisfaction
period is performed. This makes it possible to switch from the
unsatisfaction period to the satisfaction period at appropriate
timing.

It is noted that in the exemplary embodiment, the sensor
coordinates to be used to determine the relationship condition
are the corrected sensor coordinates Ps. Alternatively, in
another exemplary embodiment, the sensor coordinates may
be the pre-correction sensor coordinates Po.

(Reliability Condition)

Next, the reliability condition is described. As described
above, the reliability condition is a condition regarding the
reliability of the detection result of the gyro sensor 12, and
requires the fact that the reliability of the detection result is
higher than a predetermined reference. Here, “the reliability
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of the detection result of the gyro sensor is high” means that
a value according to the attitude of the input device 2 calcu-
lated from the detection result is highly accurate.

Here, when the input device 2 is being intensely moved, it
is difficult to calculate a value according to the attitude of the
input device 2 from the detection result of the gyro sensor 12
with high accuracy. Thus, it is possible to guess that the
reliability of the detection result of the gyro sensor is low.
Thus, in the exemplary embodiment, as the reliability condi-
tion, a condition for determining whether or not the input
device 2 is being intensely moved is used. Specifically, the
information processing system 1 obtains an indicator repre-
senting the intensity of the motion of the input device 2 from
the operation data, and determines, using the obtained indi-
cator, whether or not the reliability condition is satisfied. As
the indicator, for example, a value indicating the amount of
correction of the zero point (bias) of the gyro sensor 12 can be
used. It is noted that this value can be output from the gyro
sensor 12, and obtained as the operation data by the informa-
tion processing apparatus 3. When the above value is equal to
or greater than a predetermined threshold, it is determined
that the motion of the input device 2 is relatively intense, and
therefore, it is determined that the reliability condition is not
satisfied. On the other hand, when the above value is smaller
than the threshold, it is determined that the motion ofthe input
device 2 is relatively gentle, and therefore, it is determined
that the reliability condition is satisfied.

FIG. 8 is a diagram showing examples of the behavior of
the sensor coordinates in a case where the reliability condi-
tion is satisfied and a case where the reliability condition is
not satisfied. Typically, as shown in (a) of FIG. 8, when the
sensor coordinates Ps change gently, the value of the indicator
is equal to or greater than the predetermined threshold. As a
result, the reliability condition is satisfied. On the other hand,
as shown in (b) of FIG. 8, when the sensor coordinates Ps
change rapidly, the value of the indicator is smaller than the
predetermined threshold. As a result, the reliability condition
is not satisfied. It is noted that FIG. 8 is merely illustrative,
and in practice, even when the sensor coordinates Ps change
gently, the value of the indicator may be smaller than the
predetermined threshold. Further, even when the sensor coor-
dinates Ps change rapidly, the value of the indicator may be
equal to or greater than the predetermined threshold.

As described above, in the exemplary embodiment, the
predetermined condition includes the reliability condition
regarding the reliability of the detection result of the gyro
sensor 12. Based on this, when the sensor coordinates calcu-
lated from the detection result of the gyro sensor 12 have high
accuracy, it is possible to calculate the designated position
using the sensor coordinates. Thus, it is possible to improve
the accuracy of the calculation of the designated position, and
therefore possible to improve the accuracy of an input opera-
tion using the input device 2.

In addition, in the exemplary embodiment, the reliability
condition is the condition that “the motion of the input device
2 is gentler than a predetermined reference”. As described
above, the use of the intensity of the motion of the input
device 2 makes it possible to determine the reliability with
high accuracy.

It is noted that the indicator indicating the intensity of the
motion of the input device 2 is not limited to the above. For
example, when an acceleration sensor is used as a sensor for
calculating the attitude of the input device 2, the detection
result (acceleration) of the acceleration sensor may be used as
the indicator. That is, when the acceleration is equal to or
greater than a predetermined value, the information process-
ing system 1 may determine that the motion of the input
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device 2 is intense. When the acceleration is less than the
predetermined value, the information processing system 1
may determine that the motion of the input device 2 is gentle.
Alternatively, in another exemplary embodiment, the
amounts of change in the sensor coordinates (or the pre-
correction sensor coordinates Po) may be used as the indica-
tor.

(Camera Condition)

The camera condition is a condition regarding the calcula-
tion of the camera coordinates. In the exemplary embodi-
ment, the camera condition is the condition that the camera
coordinates Pc are calculated (the camera coordinates Pc can
be calculated). That is, when the camera coordinates Pc are
calculated from the obtained imaging information, the infor-
mation processing system 1 determines that the camera con-
dition is satisfied. When the camera coordinates Pc cannot be
calculated, the information processing system 1 determines
that the camera condition is not satisfied. It is noted that in the
exemplary embodiment, the relationship condition is deter-
mined using the camera coordinates Pc, and the determina-
tion of the relationship condition is made on the premise that
the camera coordinates Pc are calculated. Thus, the informa-
tion processing system 1 may not set the camera condition,
and when the camera coordinates Pc are not calculated, may
determine that the relationship condition is not satisfied.

(Method of Determining Determination Condition)

Next, the method of determining the determination condi-
tion is described. In the exemplary embodiment, the condition
including the relationship condition, the reliability condition,
and the camera condition is defined as a “sub-condition”, and
the determination condition is the condition that the sub-
condition has been satisfied a predetermined number of times
(for example, 15 times). That is, every time the sensor coor-
dinates Ps are calculated, the information processing system
1 determines whether or not the sub-condition is satisfied. Itis
noted that when each of the relationship condition, the reli-
ability condition, and the camera condition is satisfied, it is
determined that the sub-condition is satisfied. On the other
hand, when any one of the relationship condition, the reliabil-
ity condition, and the camera condition is not satisfied, it is
determined that the sub-condition is not satisfied. Then, when
the sub-condition has been satisfied the predetermined num-
ber of times, the information processing system 1 determines
that the determination condition is satisfied. Thus, the switch-
ing from the unsatisfaction period to the satisfaction period is
performed.

As described above, in the exemplary embodiment, the
information processing system 1 repeatedly determines
whether or not the sub-condition is satisfied. When the sub-
condition has been satisfied predetermined multiple times
(after the start of the process of calculating the designated
position), the information processing system 1 determines
that the determination condition is satisfied. Thus, in the
exemplary embodiment, when the sub-condition has been
satisfied a predetermined number of times in total after the
calculation of the designated position has been started, the
switching from the unsatisfaction period to the satisfaction
period is performed. Based on this, even when the sub-con-
dition has been accidentally satisfied only once, the switching
from the unsatisfaction period to the satisfaction period is not
performed. This makes it possible to reduce the possibility
that the designated position is calculated using the sensor
coordinates Ps having low accuracy. As a result, it is possible
to calculate the designated position with high accuracy, and
therefore possible to improve the operability of the input
device 2.



US 9,354,706 B2

21

In addition, in the above case, it is not necessary that the
sub-condition has been satisfied a predetermined number of
times in succession. This makes it possible to reduce the
possibility that the switching to the satisfaction period is
performed too late because the determination condition is too
strict. That is, it is likely that the process of calculating the
designated position using the sensor coordinates Ps is started.
This enables the user to start earlier the input operation that
allows the user to move the input device 2 freely.

Itis noted that in another exemplary embodiment, when the
sub-condition has been satisfied a predetermined number of
times in succession (after the calculation of the designated
position has been started), the information processing system
1 may determine that the predetermined condition is satisfied.
This makes it possible to further reduce the possibility that the
designated position is calculated using the sensor coordinates
Ps having low accuracy, and therefore possible to calculate
the designated position with higher accuracy.

It is noted that in the exemplary embodiment, the determi-
nation condition (sub-condition) includes the relationship
condition. Alternatively, another exemplary embodiment is
not limited to this. For example, in another exemplary
embodiment, the determination condition (sub-condition)
may not include the relationship condition. That is, the deter-
mination condition (sub-condition) may include (only) the
reliability condition, or may include (only) the camera con-
dition.

[3. Specific Example of Designated Position Calculation
Process]

Hereinafter, a specific example of the designated position
calculation process performed by the information processing
system 1 (the information processing apparatus 3) of the
exemplary embodiment will be described. FIG. 9 is a flow-
chart showing an example of a flow of the designated position
calculation process performed by the information processing
apparatus 3 (the CPU 14) in the exemplary embodiment. In
the exemplary embodiment, a series of processes shown in
FIG. 9 are performed by the CPU 14 executing an information
processing program stored in the program storage section 16.

The timing at which the designated position calculation
process shown in FIG. 9 is started is any timing. In the
exemplary embodiment, the information processing program
is configured as a part of a predetermined game program. In
this case, the designated position calculation process shown
in FIG. 9 is started when the user has performed an instruction
to start the execution of the game program. In addition, a part
or the entirety of the information processing program (game
program) is loaded into the memory 12 at appropriate timing,
and executed by the CPU 14. Thereby, the series of processes
shown in FIG. 9 is started. It is noted that the information
processing program has been previously stored in the pro-
gram storage section 16 in the information processing appa-
ratus 3. However, in another embodiment, the information
processing program may be obtained by the information pro-
cessing apparatus 3 from an attachable/detachable storage
medium and stored into the memory 15, or may be obtained
from another apparatus via a network such as the Internet and
stored into the memory 15.

It is noted that the process of each step in the flowchart
shown in FIG. 9 is merely an example, and as long as the same
result is obtained, the order of the processes of the respective
steps may be changed, or another process may be performed
in addition to (or instead of) the process of each step. In
addition, in the exemplary embodiment, the CPU performs
the process of each step in the flowchart. However, a proces-
sor or a dedicated circuit other than the CPU may perform the
processes at some of the steps in the flowchart.
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In the designated position calculation process, first, in step
S1, the CPU 14 obtains the operation data. That is, the CPU 14
receives the operation data including the imaging informa-
tion, the angular velocity information, and the like from the
input device 2, and stores the received operation data into the
memory 15. After step S1, the process of step S2 is per-
formed.

In step S2, the CPU 14 calculates the camera coordinates
Pc based on the imaging information. In the exemplary
embodiment, the camera coordinates are calculated accord-
ing to the method described above in “2-2: Camera coordi-
nates and sensor coordinates”. Specifically, the CPU 14 cal-
culates the camera coordinates Pc based on the imaging
information read from the memory 15, and stores data indi-
cating the calculated camera coordinates Pc into the memory
15. After step S2, the process of step S3 is performed.

In step S3, the CPU 14 calculates the pre-correction sensor
coordinates Po based on the angular velocity information. In
the exemplary embodiment, the pre-correction sensor coor-
dinates Po are calculated in accordance with the method
described above in “2-2: Camera coordinates and sensor
coordinates” and “2-4: Method of calculating sensor coordi-
nates”. Specifically, the CPU 14 calculates the pre-correction
sensor coordinates Po based on the angular velocity informa-
tion read from the memory 15, and stores data indicating the
calculated pre-correction sensor coordinates Po into the
memory 15. After step S3, the process of step S4 is per-
formed.

In step S4, the CPU 14 calculates the sensor coordinates Ps.
In the exemplary embodiment, the sensor coordinates Ps are
calculated according to the method described above in “2-2:
Camera coordinates and sensor coordinates” and “2-4:
Method of calculating sensor coordinates”. Specifically, the
CPU 14 reads data of the offset Vo that has been previously
calculated, the pre-correction sensor coordinates Po, and the
camera coordinates Pc (where necessary) from the memory
15, and calculates the sensor coordinates Ps based on the read
data. The CPU 14 stores data indicating the calculated sensor
coordinates Ps into the memory 15. Further, the CPU 14
stores, into the memory 15, data of the offset Vo calculated
when calculating the sensor coordinates Ps. After step S4, the
process of step S5 is performed.

In step S5, the CPU 14 determines whether or not the
sub-condition is satisfied. This determination is made in
accordance with the method described above in “2-5: Deter-
mination condition”. Specifically, the CPU 14 reads data of
the camera coordinates Pc, the sensor coordinates Ps, and the
like from the memory 15, and makes the determination using
the read data. When the result of the determination in step S5
is positive, the process of step S6 is performed. On the other
hand, when the result of the determination in step S5 is
negative, the process of step S6 is skipped and the process of
step S7 is performed.

In step S6, the CPU 14 increments (adds 1 to) the value of
a counter stored in the memory 15. It is noted that the value of
the counter is set to O at the start of the designated position
calculation process. After step S6, the process of step S7 is
performed.

In step S7, the CPU 14 determines whether or not the
determination condition is satisfied. Specifically, the CPU 14
reads the value of the counter from the memory 15, and
determines whether or not the value of the counter has
reached a predetermined number of times. When the result of
the determination in step S7 is negative, the process of step S8
is performed. On the other hand, when the result of the deter-
mination in step S7 is positive, the process of step S9 is
performed.
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It is noted that in the exemplary embodiment, after the
unsatisfaction period has switched to the satisfaction period,
the satisfaction period does not return to the unsatisfaction
period until the designated position calculation process
shown in FIG. 9 ends. Thus, after the unsatisfaction period
has switched to the satisfaction period, the CPU 14 may skip
the processes of the above steps S5 to S7.

In step S8, the CPU 14 calculates the designated position
based on the camera coordinates Pc. In the exemplary
embodiment, the designated position is calculated in accor-
dance with the method described above in “2-3: Calculation
of designated position”. Specifically, the CPU 14 reads data
of the camera coordinates Pc from the memory 15, and cal-
culates the designated position based on the read data. It is
noted that if camera coordinates Pc are not calculated when
the process of step S8 is performed (that is, in the unsatisfac-
tion period), the designated position may not be calculated, or
may be calculated using the sensor coordinates Ps. After step
S8, the process of step S10 described later is performed.

On the other hand, in step S9, the CPU 14 calculates the
designated position based on the sensor coordinates Ps. In the
exemplary embodiment, the designated position is calculated
in accordance with the method described above in “2-3: Cal-
culation of designated position”. Specifically, the CPU 14
reads data of the sensor coordinates Ps from the memory 15,
and calculates the designated position based on the read data.
After step S9, the process of step S10 is performed.

In step S10, the CPU 14 performs information processing
(game processing) according to the designated position. In
the exemplary embodiment, as the information processing,
the process of displaying a cursor at the designated position is
performed. It is noted that the content of the information
processing is any content. For example, in another exemplary
embodiment, the process of scrolling the screen in accor-
dance with the movement of the designated position may be
performed. Alternatively, the process of moving an object
such as a player character toward the designated position may
be performed. After step S10, the process of step S11 is
performed.

In step S11, the CPU 14 determines whether or not the
designated position calculation process is to be ended. A
specific method for this determination is any method. For
example, when the user has performed an instruction to end
the execution of the game program, the CPU 14 determines to
end the designated position calculation process. When there
is no such instruction from the user, the CPU 14 determines
not to end the designated position calculation process. When
the result of the determination in step S11 is negative, the
process of step S1 is performed again. Thereafter, the pro-
cesses of steps S1 to S11 are repeated until the CPU 14
determines to end the designated position calculation process
in step S11. On the other hand, when the result of the deter-
mination in step S11 is positive, the CPU 14 ends the desig-
nated position calculation process shown in FIG. 9.

It is noted that although not shown in FIG. 9, during the
execution of the game program, game processing for advanc-
ing a game or the like may be performed in addition to the
processes of steps S1 to S11.

[4. Modifications]

(Modification Relating to Use of Camera Coordinates and
Sensor Coordinates)

It is noted that in the above exemplary embodiment, the
information processing system 1 performs the process of
calculating the designated position by switching between the
sensor coordinates Ps and the camera coordinates Pc in the
satisfaction period and the unsatisfaction period. Here, the
use of the sensor coordinates Ps and the camera coordinates
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Pc is not limited to this. For example, in a modification of the
exemplary embodiment, the process of calculating the desig-
nated position using the sensor coordinates Ps (in addition to
the camera coordinates Pc) in the unsatisfaction period may
be performed.

However, also in the above modification, similarly to the
above exemplary embodiment, the information processing
system 1 calculates the designated position in the satisfaction
period by making the influence of the sensor coordinates Ps
relatively great as compared to that in the unsatisfaction
period. For example, the information processing system 1
may calculate the sensor coordinates Ps in the unsatisfaction
period by making the value of the offset Vo smaller than that
in the satisfaction period (for example, by multiplying the
value of the offset Vo by 0.5), and may calculate the desig-
nated position using the thus calculated sensor coordinates
Ps. This enables the user to, similarly to the exemplary
embodiment, perform an input operation by moving the input
device 2 freely in the satisfaction period, and also enables the
input operation with high accuracy.

In addition, in the above exemplary embodiment, the sen-
sor coordinates Ps are calculated using the camera coordi-
nates Pc (the above equation (1)), and therefore, it can be said
that the designated position is calculated using both the cam-
era coordinates and the sensor coordinates in the satisfaction
period. Here, in another exemplary embodiment, the infor-
mation processing system 1 may calculate the designated
position using only the sensor coordinates (without using the
camera coordinates) in the satisfaction period. In other words,
in the above exemplary embodiment, the designated position
may be calculated using the pre-correction sensor coordinates
Po instead of the sensor coordinates Ps in the satisfaction
period. This also enables the user to, similarly to the exem-
plary embodiment, perform an input operation by moving the
input device 2 freely in the satisfaction period, and also
enables the input operation with high accuracy.

(Modification Relating to Value Calculated According to
Attitude of Input Device 2)

In the above-mentioned embodiment, the information pro-
cessing system 1 calculates two types of sets of coordinates
(the camera coordinates and the sensor coordinates) each
indicating a position on a predetermined plane (the xy plane
shown in FIG. 3), as a value according to the attitude of the
input device 2. In another embodiment, the information pro-
cessing system 1 may calculates a value (i.e., a scalar value)
indicating a position on a predetermined straight line, as a
value according to the attitude of the input device 2. That is,
the camera coordinates and the sensor coordinates may be
one-dimensional values. For example, the information pro-
cessing system 1 may calculate a scalar value according to the
attitude relating to the pitch direction of the input device 2,
and may perform information processing by using the scalar
value.

(Modification Relating to Information Processing Per-
formed by Using Each Set of Coordinates)

In the above-mentioned embodiment, as an example of the
information processing performed by using the values (the
camera coordinates and the sensor coordinates) according to
the attitude of the input device 2, the process of calculating the
designated position on the plane corresponding to the screen
has been described. However, the content of the information
processing performed by using the value according to the
attitude of the input device 2 is any content. For example, in
another embodiment, the information processing may be a
process of calculating a position in a virtual space (game
space) from the camera coordinates and the sensor coordi-
nates. Further, the information processing may be a process of
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distinguishing a gesture input based on a trajectory composed
of the designated position calculated from the camera coor-
dinates and the sensor coordinates.

(Modification Relating to Calculation of Camera Coordi-
nates)

In the above exemplary embodiment, the camera coordi-
nates are calculated using the imaging information based on
an image captured by the imaging means (the camera 11)
provided in the input device 2. Here, in another exemplary
embodiment, the camera coordinates may be calculated using
the imaging information based on an image captured by
imaging means for capturing the input device 2 (a camera
separated from the input device 2 and arranged at a different
position). That is, in the above exemplary embodiment, the
camera 11 is provided in the input device 2 held by the user,
and the marker device 5 is arranged on the periphery of the
television 4. Alternatively, in another embodiment, a marker
device may be provided in an input device, and a camera may
be arranged at another position (for example, on the periphery
of'atelevision). Also in this structure, as in the above embodi-
ment, the information processing apparatus can calculate the
positional relationship of the input device with respect to the
camera by using imaging information based on an image
captured by the camera, and can calculate the camera coor-
dinates according to the attitude of the input device by using
the imaging information.

As described above, the exemplary embodiment can be
used for, for example, a game apparatus, a game system, a
game program, and the like in order, for example, to improve
the operability of an input operation of moving an input
member.

While certain example systems, methods, devices and
apparatuses have been described herein, it is to be understood
that the appended claims are not to be limited to the systems,
methods, devices and apparatuses disclosed, but on the con-
trary, are intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. An apparatus for calculating a designated position on a
predetermined plane based on an input provided to an input
member, the apparatus comprising:

a processing system, including a computer processor, the

processing system being configured at least to perform:

a first position calculation so as to calculate a first posi-
tion using imaging information based on an image
captured by a camera that is provided in the input
member or a camera that captures the input member,
the first position being a position on the plane and
changing in accordance at least with an attitude of the
input member;

a second position calculation so as to calculate a second
position using a detection result of an attitude sensor,
the second position being a position on the plane on
which the first position is calculated and according to
the attitude of the input member;

a determination so as to determine whether or not a
predetermined condition is satisfied, the predeter-
mined condition including a condition that a distance
between the first position and the second position is
equal to or smaller than a predetermined distance; and

a designated position calculation so as to, when the
predetermined condition is not satisfied, calculate a
designated position on the plane using the first posi-
tion and without using the second position, and after
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the predetermined condition has been satisfied, cal-
culate the designated position on the plane using the
second position.

2. The information processing apparatus according to
claim 1, wherein:

the attitude sensor includes at least one of a gyro sensor, an

acceleration sensor or a magnetic sensor; and
the determination repeatedly determines whether or not the
predetermined condition is satisfied, the predetermined
condition including the condition that a distance
between the first position and the second position is
equal to or smaller than the predetermined distance con-
tinuously for a predetermined period.
3. A non-transitory computer-readable storage medium
having stored therein an information processing program to
be executed by a computer of an information processing
apparatus for calculating a designated position based on an
input provided to an input member, the information process-
ing program causing the computer to execute:
calculating a first position using imaging information
based on an image captured by an imaging device that is
provided in the input member or captures the input mem-
ber, the first position being a position on a predetermined
plane and changing in accordance at least with an atti-
tude of the input member;
calculating a second position using a detection result of a
sensor, the detection result enabling a calculation of the
attitude of the input member, the second position being
a position on the plane and according to the attitude of
the input member;
repeatedly determining whether or not a predetermined
condition is satisfied, the predetermined condition
including a condition regarding a relationship between
the first position and the second position; and

calculating a designated position on the plane using the
first position and/or the second position, wherein

in a satisfaction period after the predetermined condition

has been satisfied, the designated position is calculated
by making an influence of the second position relatively
great as compared to an unsatisfaction period before the
predetermined condition is satisfied,

the predetermined condition includes at least any of: (a) a

condition that a distance between the first position and
the second position becomes equal to or smaller than a
predetermined value, (b) a condition that a change in the
distance between the first position and the second posi-
tion during a predetermined period is in a predetermined
range, or (¢) a condition that a degree of similarity
between a movement trajectory of the first position and
a movement trajectory of the second position is equal to
or greater than a predetermined value.

4. The storage medium according to claim 3, wherein

the predetermined condition includes a condition regard-

ing a distance between the first position and the second
position.

5. The storage medium according to claim 4, wherein

the condition regarding the distance is the condition that

the distance between the first position and the second
position becomes equal to or smaller than a predeter-
mined value.

6. The storage medium according to claim 3, wherein

it is repeatedly determined whether or not a sub-condition

regarding the relationship between the first position and
the second position is satisfied, and

when the sub-condition is satisfied predetermined multiple

times, it is determined that the predetermined condition
is satisfied.
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7. The storage medium according to claim 3, wherein

it is repeatedly determined whether or not a sub-condition
regarding the relationship between the first position and
the second position is satisfied, and

when the sub-condition has been satisfied a predetermined
number of times in succession, it is determined that the
predetermined condition is satisfied.

8. The storage medium according to claim 3, wherein

the predetermined condition includes a condition regard-
ing a reliability of the detection result of the sensor.

9. The storage medium according to claim 8, wherein

the condition regarding the reliability is a condition that a
motion of the input member is gentler than a predeter-
mined reference.

10. The storage medium according to claim 3, wherein

in the unsatisfaction period, the designated position is cal-
culated using the first position, and in the satisfaction
period, the designated position is calculated using the
second position.

11. The storage medium according to claim 3, wherein

in the unsatisfaction period, the designated position is cal-
culated using the first position and without using the
second position, and in the satisfaction period, the des-
ignated position is calculated using the first position and
the second position.

12. The storage medium according to claim 3, wherein

the second position is calculated based on the detection
result of the sensor, and the calculated second position is
corrected by bringing the calculated second position
close to the first position,

it is determined, using the corrected second position,
whether or not the predetermined condition is satisfied,
and

the designated position is calculated using the corrected
second position.

13. The storage medium according to claim 12, wherein

the first position and the second position before being
corrected are repeatedly calculated, and

every time the first position and the second position before
being corrected are calculated, an amount of correction
is calculated in accordance with a difference between the
first position and the second position before being cor-
rected, and the second position before being corrected is
corrected by bringing the second position before being
corrected close to the first position by the amount of
correction.

14. The storage medium according to claim 13, wherein

ifthe second position is calculated when the first position is
not calculated, the second position that has been cur-
rently calculated is corrected using the amount of cor-
rection that has been calculated last.

15. The storage medium according to claim 3, wherein

the first position is calculated using the imaging informa-
tion obtained at predetermined timing, and

the second position is calculated using the detection result
of'the sensor obtained at the same timing as the imaging
information.

16. The storage medium according to claim 3, wherein

when the imaging device can capture a predetermined
imaging target, the first position is calculated based on a
position of the imaging target in an image captured by
the imaging device, and

the second position is calculated based on the detection
result of the sensor when the input member is in any
attitude.
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17. An information processing apparatus for calculating a

designated position based on an input provided to an input
member, the information processing apparatus comprising:

a computer processor configured at least to perform:

a first position calculation so as to calculate a first posi-
tion using imaging information based on an image
captured by an imaging device that is provided in the
input member or captures the input member, the first
position being a position on a predetermined plane
and changing in accordance at least with an attitude of
the input member;

a second position calculation so as to calculate a second
position using a detection result of a sensor, the detec-
tion result enabling a calculation of the attitude of the
input member, the second position being a position on
the plane and according to the attitude of the input
member;

adetermination so as to repeatedly determine whether or
not a predetermined condition is satisfied, the prede-
termined condition including a condition regarding a
relationship between the first position and the second
position; and

a designated position calculation so as to calculate a
designated position on the plane using the first posi-
tion and/or the second position, wherein

in a satisfaction period after the predetermined condition
has been satisfied, the designated position calculation
calculates the designated position by making an influ-
ence of the second position relatively great as compared
to an unsatisfaction period before the predetermined
condition is satisfied,

the predetermined condition includes at least any of (a) a
condition that a distance between the first position and

the second position becomes equal to or smaller than a

predetermined value, (b) a condition that a change in the

distance between the first position and the second posi-
tion during a predetermined period is in a predetermined
range, or (¢) a condition that a degree of similarity
between a movement trajectory of the first position and

a movement trajectory of the second position is equal to

or greater than a predetermined value.

18. An information processing system for calculating a

designated position based on an input provided to an input
member, the information processing system comprising:

a processing system, including a computer processor,the
processing system being configured at least to perform:
a first position calculation so as to calculate a first posi-

tion using imaging information based on an image
captured by an imaging device that is provided in the
input member or captures the input member, the first
position being a position on a predetermined plane
and changing in accordance at least with an attitude of
the input member;

a second position calculation so as to calculate a second
position using a detection result of a sensor, the detec-
tion result enabling a calculation of the attitude of the
input member, the second position being a position on
the plane and according to the attitude of the input
member;

adetermination so as to repeatedly determine whether or
not a predetermined condition is satisfied, the prede-
termined condition including a condition regarding a
relationship between the first position and the second
position; and

a designated position calculation so as to calculate a
designated position on the plane using the first posi-
tion and/or the second position, wherein
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in a satisfaction period after the predetermined condition
has been satisfied, the designated position calculation
calculates the designated position by making an influ-
ence of the second position relatively great as compared
to an unsatisfaction period before the predetermined
condition is satisfied,
the predetermined condition includes at least any of: (a) a
condition that a distance between the first position and
the second position becomes equal to or smaller than a
predetermined value, (b) a condition that a change in the
distance between the first position and the second posi-
tion during a predetermined period is in a predetermined
range, or (c) a condition that a degree of similarity
between a movement trajectory of the first position and
a movement trajectory of the second position is equal to
or greater than a predetermined value.
19. A method of calculating a designated position, the
method performed in an information processing system for
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calculating a designated position based on an input provided 20

to an input member, the method comprising:
calculating a first position using imaging information
based on an image captured by an imaging device that is
provided in the input member or captures the input mem-

ber, the first position being a position on a predetermined »s

plane and changing in accordance at least with an atti-
tude of the input member;

30

calculating a second position using a detection result of a
sensor, the detection result enabling a calculation of the
attitude of the input member, the second position being
a position on the plane and according to the attitude of
the input member;

repeatedly determining whether or not a predetermined
condition is satisfied, the predetermined condition
including a condition regarding a relationship between
the first position and the second position; and

calculating a designated position on the plane using the
first position and/or the second position, wherein

in a satisfaction period after the predetermined condition
has been satisfied, the designated position is calculated
by making an influence of the second position relatively
great as compared to an unsatisfaction period before the
predetermined condition is satisfied,

the predetermined condition includes at least any of: (a) a
condition that a distance between the first position and
the second position becomes equal to or smaller than a
predetermined value, (b) a condition that a change in the
distance between the first position and the second posi-
tion during a predetermined period is in a predetermined
range, or (¢) a condition that a degree of similarity
between a movement trajectory of the first position and
a movement trajectory of the second position is equal to
or greater than a predetermined value.
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